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INTRODUCTION

When lighting is planned for an office, the designer often does not
know how the furniture will be arranged. As a result, the designer
will usually lay out a uniform lighting arrangement which will provide
task lighting levels to all parts of the office. While this insures that
proper task lighting levels will be provided to desks and other work
stations regardless of location, it is wasteful from an energy staadpoint
since nonwork areas are over-illuminated.

Task-ambient lighting is a term used to describe energy-con-
serving nonuniform lighting systems. It refers to two types of illumina-
tion levels for a room: (1) task illumination and (2) ambient illumina-
tion. Task illumination covers the requirement for light on important
work stations--desks, drafting tables, etc. Workers spend most of
their productive time at these work stations, and proper illumination
must be provided Ambient illumination covers the requirement for
light on nonwork areas and on work areas with low visual requirements.
For example, most file cabinets and bookcases have low visual require-
ments since book covers and file headings have large, high-contrast
lettering In addition, prolonged work is not accomplished in areas
illuminated by ambient light. A large percentage of ambient light often
comes from the interreflection and "spill" of the task lighting.

BACKGROUND

Table 1 shows the growth of general lighting levels (Ref 1). This
was in keeping with a general philosophy of "more light, better sight."
It also reflects an era of inexpensive energy and of ever-increasing
improvements in the efficiency of light sources.
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Table 1. C(rowth of Lighting Levels

Year Footcandles
1900 3
1910 5
1920 10
1930 20
1940 35
1950 50
1958 85
1965 100
1971 125

The 1973 oil embargo signaled the end of cheap energy. In 1974
the Federal Energy Administration (FEA) published guidelines for
"Lighting and Thermal Operations" (Ref 2). This document recom-

mended:

50 footcandles at desks, work stations, etc.
30 footcandles in work areas
10 footcandles in hallways, storerooms, etc.

Present government guidelines and regulations stem from this
document. While the intent of the document was to save energy by
reducing light levels, it also recognized that lighting affects produc-
tivity. Exceptions were allowed for visually difficult work (such as
drafting and bookkeeping), industrial tasks, older workers, and
workers with uncorrectable eyesight problems.

New illumination levels by the Illuminating Engineering Society
(IES) of North America (to be published in the 6th Edition of the IES
Handbook--December 1980) generally follow the same aporoach used by
FEA. A range of task illumination levels is recommended. The
designer must select a value from the low, middle, or high end depend-
ing on worker age, speed and accuracy required for the task, and task
background reflectance. For offices, this range is 50 to 100 foot-

candles.
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Does 50 footcandles provide adequate lighting for individuals who
are used to working under 100 footcandles? Perhaps not. That is why
another requirement was stated by the FEA: "Illuminaticn at the task
should be reasonably free of veiling reflections and body shadows."
This often overlooked statement buried in the text of the FEA document
is the key to quality lighting. One must recognize that 50 footcandles
of lighting reasonably free of veiling reflections and body shadows will
provide the same visibility as most commonly used uniform overhead
direct lighting systems at 100 footcandles.

OBJECTIVE

Converting uniform office lighting systems to task-ambient lighting
requires insight into the visual properties of office tasks. Once this is
understood, it will be relatively easy to provide task illumination which
is reasonably free of veiing reflections and body shadows. A simple
method is presented which only requires:

1. a cosine-corrected illumination meter
2. a mirror about one foot square

VISUAL PROPERTIES OF OFFICE TASIi»

Common office tasks which require adequate visibility include
reading typewritten material, printed material, pen on paper, and pencil
on paper. These tasks share a common visual property: light at the
mirror angle produces substantial veiling refle.tions. Figure 1 illus-
trates that substantial veiling reflections occur when the angle of inci-
dence equals the viewing angle. This condition is called the mirror
angle since, if a mirror is substituted for the task, the offending zone
will be seen in the mirror.
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Figure 1. Veiling reflections are produced from light at
the mirror angle.
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Of the various office tasks, the most studied has been the numher
2 pencil on white paper (Ref 3). Of the most common office tasks, the
pencil task has the most difficult visual requirements. Therefore,

PPN e T

providing adequate lighting for the pencil task will satisfy the visual
~ requirements for the other common office tasks.

Veiling Reflections

In order to demonstrate the relationship between veiling reflections
and the position of a light source, consider the two situations presented
in Figure 2.

in both situations the worker is reading the pencil task. How-
ever, in Figure 2A, the light source is located in front of the task in
the offending zone. In Figure 2B the light source is located out of the
. offending zone, to the side of the task.

'Y
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An illumination meter is placed on top of the task, as shown in
Figure 3. The same footcandle level is provided for both cases.
However, equivalent illumination levels do not mean that both lighting
situations are equally good. By substituting a camera in place of the
worker in Figure 2, the task is photographed under the same conditions
(Figure 4). Clearly, it is much more difficult to read the pencil
writing with illumination from the offending zone (Figure 4A) than with
illumination from outside the offending zone (Figure 4B).

If a portion of Figure 4 is enlarged, as shown in Figure 5, a
better understanding of the phenomenon can be gained. The contrast
between the writing and the paper is reduced because of specular
re’lections from the pencil graphite. In some instances reverse contrast
can occur. Notice, in Figure 54, that although most of the writing is
slightly darker than the paper, parts of each letter are actually
brighter than the paper. Consequently, light from the offending 2zone
is causing a condition of minimum contrast, since the brightness of the
pencil writing is nearly the same as the brightness of the paper. On
the other hand, with the light well away from the mirror angle, such as
to the side of the task, good contrast is achieved (Figure 5B).

Although specular reflections are bad for office tasks, this does
r.ot necessarily mean that they are undesirable for other tasks. Refer-
ring to Figure 3, note that the photocell on the illumination meter can
actually be seen more easily with light from the front (Figure 3A) than
from the side (Figure 3B). For some tasks, such as looking for
scratches in paint, placing the light source at the mirror angle is the
ideal location. This shows why an understanding of the visual proper-
ties of the task is important when designing a lighting svstem. Again,
referring to Figure 3, notice the effect of light position on the printed
instructions on the light meter.

Mirror Angle

Lighting fixtures in the offending 2one are at the mirror angle
with respect to the task and the worker. Suppose for the situations
shown in Figure 2, a mirror is substituted for the task (Figure 6).
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The view seen by the worker, analogous to Figure 4, is demon-
strated in Figure 7. The light source in the offending zone can be
plainly seen in Figure 7TA; whereas, in Figure 7B, no light source can
be seen since it is located to the side and out of the offending zone.

Body Shadow

Another situation is shown in
Figure 8. If the light source is
behind the worker, the body blocks
the lLght and a shadow is placed
over the task. Obviously, light
obstructed by the body shadow is
useless in viewing the task.

VISIBILITY

There are numerous locations
away from both the offending 2zone
and the body shadow where lighting Figure 8. Body shadow blocks light
fixtures could be located. Where to the task.
are the best locations for maximum visibility? This can be answered
only by (1) addressing those factors which contribute to visibility, (2)
explaining the use of equivalent sphere illumination as a meas»re of
visibility, and (3) graphing contours of illumination and equivalent

sphere illumination for comparison.
Ilumination

Ilumination is the amount of light (lumens) shining onto a unit
area of surface. In the English system it is expressed in footcandles
(lumens per square foot) and in the metric system it is expressed in
lux (lumens per square meter). One footcandle is equal to 10.76 lux.

e e a2
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The basic equation for direct illumination from a light source to a
point on a horizontal surface is

IB cos ©
By = "o )
where Eh = the horizontal illumination at the point

Ie = the candlepower of the source in candelas towards the
point

® = the angle of the ray from the source to the point
Jith respect to a vertical ray

D = the distance from the source to the point

These relationships are depicted in Figure 9.

NS o

Figure 9. Horizonial illumination.

Luminance

When an object is viewed, a person perceives the object because of
light reflected off of its surface. This reflected light is called lumi-
nance. It is expressed mathematically as

L = Exp (2)

where L = the luminance (footlamberts)#

*¥In the metric system L = (E x p)/n, where E is in lux and L is in
nits. One footlambert is equal to 3.42 nits.

10
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E = the illumination (footcandles) shining onto the surface

the reflectance of the surface
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In making calculations, two types of reflectance can be used:
(1) lambertian or (2) bidirectional. Lambertian reflectance is the
reflectance from a totally diffuse surface. The reflected light is inde-
pendent of the direction of incident light except as the direction affects
the incident illumination. As has already been demonstrated from
Figures 4 and 5, the luminances from the pencil task do change as the
incident light is moved. Therefore, use of lamberfian reflectance will
not be suitable for making visibility calculations.

Bidirectional reflectance is a function ot the direction of incident
light and the direction the eye views the surface. The Greek letter B
is used to denote bidirectional reflectance. Direction is specified by
using a declination angle and an azimuth angle. Thus,

a ‘.:'i"" ..:‘ o g
™ -\“X‘" .

a;', B = function (61, ¢i’ 8\_, ¢% (3)
. 3 where ei = incident declination angle

% ¢i = incident azimuth angle

¥ Ov = viewing declination angle

i

| ¢v = viewing azimuth angle

1 v

'

Figure 10. Incident and viewing angles,

11
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Two luminances are important in order to see the pencil task: the
luminance from the paper and the luminance from the pencil writing.
The luminance from the paper is called the background luminance (Lb)
and the luminance from the pencil graphite is called the target lumi-
nance (Lt)' If the pencil task is lying on a desk or other horizontal

surface:
Lb = Bb X Eh (44)
Lt = Bt X Eh (4B)
where Bb = bidirectional reflectance of background (paper)
Bt = bidirectional reflectance of target (pencil)
Eh = horizontal illumination
Contrast

The pencil writing can be distinguished from the paper only if the
target luminance is different than the background luminance. This is
the basic concept for contrast. Contrast, C, is defined:

¢C = | ——— (5)

Relative Contrast Sensitivity

A fire in a fireplace may be romantic, but a person would probably
prefer to read a book using the light from an electric fixture rather
han from the fireplace. This is because the sensitivity of “the eye to
contrast increases as the luminance reaching the eye increases.

Data from a number of psychophysical experiments were used to
empirically establish the eye's sensitivity to threshold contrast. This
function is called the Relative Contrast Sensitivity (RCS) function
(Ref 4). Since most of the luminance that reaches the eye comes from
the paper rather than the pencil writing, RCS is a function of Lb’

12
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In Table 1, the growth of interior lighting levels was shown from
the beginning of the century. If paper has a reflectance of 80%, it is
possible to correlate the growth of relative contrast sensitivity to the
footcandle levels in Table 1. This is given in Table 2.

Table 2. Growth of Relative Contrast Sensitivity

Year Footcandles Footlamberts RCS
1900 3 2.4 33.7
1910 5 4 40.5
1920 10 8 48.7
1930 20 16 56.2
1940 35 28 61.8
1950 50 40 65.2
1958 85 68 69.9
1965 100 80 71.5
1971 125 100 713.5

Notice that during the first half of the century, RCS increased
fairly rapidly. With 50 footcandles of illumination, the RCS is about
double of what it was at 3 footcandles. If illumination is increased to
100 footcandles, twice as much energy will be used compared to 50 foot-
candles, but RCS increases only 10%. This is a situation of "more
light, slightly better sight."

Relative Visibility

Relative visibility (RV) is the product of contrast and the eye's

sensitivity to contrast, or:
RV = C x RCS (6)

Or, by substituting Equation 5 into Equation 6:

13
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RV = L—?L—L;——'i x RCS (L) (7

Relative visibility may be increased either by increasing the
amount of light or by changing the geometry of the light sources with
respect to the task. Increasing the amount of light reaching the task
(without changing geometry) increases Lb and Lt equally. Thus, it has
no effect on contrast, and the gain in RV will come from the increase
in RCS. However, as already demonstrated by Table 2 for illumination
levels over 50 footcandles, the change in RCS is small compared to the
increase in energy expended. Because of the bidirectiona. reflectances
of the pencil and paper, it is possible to change the difference between
Lb and Lt (contrast) by changing the geometi’y of the light sources.
Attempting to maximize contrast is the most energy efficient way to
increase visibility. The easiest way to increase contrast is to eliminate
light from the offending zone. Most people working in spaces with
uniform overhead lighting receive some light from the offending zone.
Eliminating the offending light increases contrast, and in turn increases
relative visibility. The increase usually is more than 10%. This is the
reason for the statement made earlier: 50 footcandles of lighting rea-
sonably free of veiling reflections and body shadows will provide the
same (and often more) visibility than most .ommonly used uniform
overhead direct lighting systems at 100 footcandles.

Equivalent Sphere Illumination

If someone says that New York City is three times farther from
Los Angeles than Denver is, a person has some relative measure of the
distances involved. But such information may not be of much help if
one is planning a trip and has to allow for driving time, overnight
stops, etc. What is needed is a measure of reference, such as "New
York City is 3,000 miles from Los Angeles." Likewise, the Illuminating
Engineering Society has adopted Equivalent Sphere Illumination (ESI) as
a reference measure of visibility. A useful definition of ESI for &
specific task is "the illumination level (footcandles or lux) produced

14
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inside a photometric sphere required to give the task the same relative
visibility it has from the actual lighting system in a room." A photo-
metric sphere is a large hollow sphere painted inside with a special high
reflectance diffuse white paint. It is lighted in such a way as to
produce a uniform diffuse light. Light shines equally from every
direction, including the offending zone. It is therefore not the bhest
possible lighting, but simply a reference lighting system with a fixed
geometry and an adjustable light level. The equivalent illumination
inside the sphere (ESI) may be higher or lower than the actual illumina-
tion under the real lighting system. Mathematically, ESI is obtained by
equating the relative visibility in the real environment (RV) with the
relative visibility in the sphere (RV s)' Using Equation 6:

C x RCS = Cs X RCSS (8)
where C = the contrast of the task in the real environment
RCS = the relative contrast sensitivity in the real
environment
Cs = the contrast of the task in the sphere
RCSs = the relative contrast sensitivity in the sphere

Since the geometry of the light in the sphere is fixed, the sphere
contrast, Cs, is a constant. The illumination inside the sphere has no
effect on Cs‘ Therefore, solving Equation 8 for RCSS:

RCS, x RCS 9)

£
C

s
or

CRF x RCS (10)

f

RCS
s

where CRF : C/C ¢ = contrast rendition factor.

The contrast rendition factor (CRF) is simply the ratio of contrast
in the real environment to the spic2re contrast. Once RCSS is calcu-
lated, the equivalent background luminance inside the sphere, Ls, can

15
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be determined from the standard RCS function. Like sphere contrast,

the reflectance of the task backgro.nd in the sphere, p s is also a
constant. The ESI is calculated by
ESI = -% 11
> (11)

7]

A flow diagram for the mathematical procedure described is shown
in Figure 11.

L \
C - ; g /
L CRF = RCS x CRF RCS,

|Lb' ¢ cre,

Ly ]

L,
A
w

Measured or 2
Calculated Ly - ESl = L.J/o,

Ly Ly “

1 !

Figure 11. Flow diagram for the
calculation of ESI.

At present ESI can be measured using only laboratory equipment.
Prototype ESI measurement systems suitable for field use have been
developed by several firms, but these are not yet commercially available
and will probably be relatively expensive.

Contours

Figure 12 shows a plan view of & desk, task location on the desk,

and a 2 x 2-foot ceiling grid system at a 6.5-foot mounting height
above the desk top.

16
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Figure 12. Plan view of work station.

Suppose a small light is placed directly over the task location and
provides 100 footcandles for this location. From Equatior 1, the light
would require a candlepower of

= b _ 100x652 _
I = o5 6 - cos 0° = 4,225 candelas

The contours shown in this report will be based on a constant
4,225-candela candlepower from a single light source to the task loca-
tion. The source is restricted to ceiling locations. For a real lighting
fixture, the candiepower to the task will vary with ceiling location.
The contours cannot be scaled to calculate ESI for real fixtures since
the effect of the RCS function produces nonlinearities in the calcula-
tions. There are computer programs which can calculate and generate
contour plots for real lighting situations. Nevertheless, the contours
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are instructive for showing the differences between illumination and
equivalent sphere illumination, and for verifying some of the concepts

discussed.
First, if a contour plot of illumination is made for the reference

4,225-candlepower source, it would look like Figure 13.

b viewing
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4

; Next, a contour plot is made of ESI for the pencil task (number 2
24 ‘ pencil on white paper; viewing declination and azimuth angles statis-
Y tically weighted, task restricted to lying flat on desk surface) as shown

0 in Figure 14. The effect of the offending zone and body shadow are

clearly seen.

By comparing Figures 13 and 14, several things can be learned.
Placing a light directly over the task may intuitively seem like the best
location for task lighting. Indeed, from Figure 13, the 4,225~
candlepower light produces the maximum illumination (100 footcandles)
directly over the task. But the visibility for the pencil task is no
better than that produced by 27 footcandles of illumination inside a
sphere (ESI). On the other hand, maximum ESI occurs at two points
which are about 5 feet away from the maximum illumination location,
each point to one side and slightly behind the task. The illumination is

18




S

G0 BIEEE

" N f 4 E - 3 % B
e Sec Mt Ml

k.

7 B
N .

,A_~.,. ,.'
IS TP IR 2 1 /- N T

o

ot
o2

> N A AN

e le—  =|2 ft

/

[

\ \
offc?ding \ / -

ol

/

zone

\\$%/

\\\
)/

2

/

..

L

w

o
e
]

\z0 (roéi 7;‘;~1\\“‘f“,‘°‘\’ bl /—; \ ) /
INAVANN \\Ef//lf“’k NSV,
NN VINNEYPP
ANNELSRNET Y
%\k //__ | prd
.\s&—/ L1 T —

Figure 14. ESI contours.

50 footcandles, but the ESI is 70 footcandles, nearly a three-fold ESI
increase. In a real lighting situation, practical tradeoffs can usually be
made to achieve reasonably high valuee 2of both illumination and ESI.

The best location is to place fixtures to the sides of the task, and
slightly behind the task if possible. Almost any location to the side. if
not too far away, can be effective. Ceiling fixtures with "batwing"
candlepower distributions can be usefully applied since illumination to
the side is increased. Sidelighting from windows is also an advanta-
geous way to achieve good ESI.

Another possible location is to place the light source above the
worker (not above the task). This location should be used with care
because of the high gradients of ESI. Slight changes in geometry can
drastically alter the ESI provided.

The rule of thumb learned here: light should come to the task
over the worker's shoulders.

19
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ADJUSTMENT OF LIGHT LEVELS

Converting uniform lighting systems to task-ambient lighting
systems requires adjustment of light levels. Two of the easiest and
least expensive ways are to use (1) integral lighting switches and (2)
light-reducing lamps.

An integral lighting switch is simply a switch that is installed
inside an individual fluorescent lighting fixture. A typical integral
switch is shown in Figure 15. A wali switch operates all the lights on
the circuit, whereas the integral lighting switch controls only the
fixture in which it is installed. Fixtures can have a multiple position
integral lighting switch. For instance, if a three-lamp fluorescent
fixture is equipped with a multiple position integral switch, it can
provide four levels of light output: completely off, one lamp on, two
lamps on, or all three lamps on. Although these light levels could also
be achieved by removing lamps from the fixture, integral lighting
switches have the advantages of being convenient and eliminating the
transporting and storage of lamps. But their most important function is
to turn off the energy-consuming ballast. Restrictions on the applica-
tion and installation of integral lighting switches are found in the
National Electrical Code and other codes and standards. Consult appli-
cable codes and standards prior to installation of integral lighting
switches (Ref 5).

j 559

Figure 15. Typical integral lighting switch.
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A variety of commercially available, light-reducing lamps are avail-
able for retrofit into fluorescent fixtures. Reductions in light output
from 10 to 66 percent are possible. The drop in power consumption is
approximately equal to the drop in light output. @M

When adjusting light levels, attention should also be paid to the
condiiion of the fixtures and the age of the lamps. Dirty fixtures and
old lamps may produce as little as 50% of the light output of clean
fixtures and new lamps. Dirty fixtures should ¥ cleaned, and periodic
inspections should be made. Old fluorescent lamps will usually have
very dark ends and should 2 replaced. Moderately dark bands near
the ends of fluorescent lamps are normal and should not be .confused
with the very dark ends indicating end of life. Implementation of a
group lamp replacement and periodic fixture cleaning program shﬂould be
considered.

b

MIRROR METHOD

Based on the principles presented here, a straightforward, step-
by-step method for converting uniform office lighting systems to task-
ambient office lighting systems can be used. This is the mirror
method, so designated since it uses a mirror to locate light fixtures in
the offending zone and in the body shadow. In :Mdition, an illumina-

tion meter is required.
-

Step 1. Determine the illumination and tolerance criteria. Common-
ly used criteria originally developed by GSAg,are given in Table 3.

Workers performing visually difficult tasks (bookkeeping, drafting,
etc.), older workers (over 50), and workers with uncorrectable eye-
sight problems may require additional light on work stations (75 to 100
footcandles). In addition, consideration must be given to the mainte-
nance of lighting systems when adjusting light levels; dirty fixtures
and old lamps may substantially reduce light output.

21



Table 3. GSA Illumination Criteria

s

FOPYN DN

Task or Area Fogtcandle How Measured
evel
Hallways or corridors 105 Measured average,
minimum 1 footcandle
Work and circulation areas 305 Measured average
surrounding work stations
(ambient illumination)
Work sta.icn, normal office 50 * 10 Measvred at work station;
work (task illumination) reasonably free of veiling
reflections
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Step 2. Establish a management organization of building energy
monitors. Many Navy activities have already established such organ-
izations. This should be a grassroots organization, to the extent that
every government employee should know who his or her energy monitor
is. Larger buildings may require more than one energy monitor.

Task-ambient lighting is customized to the needs of building occu-
pants., Since organizations are constantly moving workers and desks,
gaining and losing personnel, etc., lighting arrangements must also
change accordingly. This is why use of integral lighting switches is so
convenient. Local building energy monitors are intimately involved
when these changes affect their co-workers. They can insure conserva-
tion of energy without sacrificing productivity. They can provide a
network to take care of complaints, to watch for conservation oppor-
tunities, and to promote energy conservation. Without a network of
building energy monitors, continued energy conservation becomes un-

manageable.

Step 3. Reduce illumination in circulation areas surrounding work
stations to ambient levels. Use an illumination meter to take measure-

ments.

22
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Step 4. Sit at each work station in a normal working position.
Look into a mirror placed on the work station and see if any light
fixtures are in the offending zone (Figure 16). Turn off all fixtures in
the offending zone.

Step 5. Sit at each work station in a normal working position.

_ Place a mirror on the work station and tip it up so that you see your-

; self in it (Figure 17). Turn off all fixtures that are significantly

Vo blocked by the body shadow provided the fixtures are not needed for
: lighting at other work stations or for ambient lighting.

Figure 16. Light fixwre in offending zone. Figure 17. Light fixture in body shadow.

Step 6. With the light meter, measure the illumination at each
work station. If the illumination is higher than the task illumination
criteria, reduce the illumination. If the illumination is lower than the
\ask illumination criteria, provide supplemental portable lighting or
rearrange the work stations.

23
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Step 7. Stand in the doorway to the office and scan the room. If
some parts of the room seem overly dark, or the lighting seems too
spotty, adjust the ambient lighting.

EXAMPLES

Large Office

Figure 18 shows a typical large office with a uniform lighting
system that has been converted to task-ambieni lighting using integral
lighting switches. Approximately half of the fixtures in the room have
been turned off (Figure 18B), yet if one excmines the room below the
fixtures, very little difference can be seen. Lights in this room are
primarily turned off over circulation areas, in the offending zones, and
near windows.

Sometimes fixtures in the offending 2zone cannot be turned off
since another occupant needs the light from the fixture. Two possible
solutions to this problem are (1) turn off the light anyway and provide
supplemental task lighting to occupants who need additional light or (2)
block the light in the offending 2one with an obstruction, such as a
partition.

Supplemental Task Lighting

When overhead lighting provides insufficient task illumination, one
way to increase the illumination level is through use of supplemental
lighting. The most common supplemental task light is the desk lamp
(Figure 19). Unfortunately, most people place the desk lamp in pre-
cisely the wrong location on the desk--directly in the offending zone!
The zone of veiling reflection can be clearly seen (compare Figure 19 to
Figure 1), with the task placed directly into it.
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Placing one or two desk lamps to the side of the task gets the
task out of the zone of veiliag reflections (Figure 20). This results in
better desk lighting, but the close proximity of the lights to the desk
creates high luminance gradients. Luminance ratios no greater than 1
to 5 are recommended as a worst case (Ref 6). With the one desk lamp
shown in Figure 19, the luminance ratio is 1 to 100. With the two desk
lamps shown in Figure 20, the luminance ratio is reduced to 1 to 15, but
this is still three times the recommended practice.

Better types of supplemental lighting get the source farther away
from the desk, which creates more uniform luminance gradients across
the work station. Of course, being farther away, they require more
energy to provide the same amount of illumination. Often these fixtures
use high-intensity-discharge (HID) lamps, and provide both downlight
for task lighting and uplight for ambient lighting (Figure 21).

A really energy-effective and :
visual-effective desk lamp has not
yet been marketed (Ref 7). Manu-
facturers are working on better
supplemental lighting. For now, be
cautious when providing supplemen-
tal task lighting.

Small Office

Figure 22 shows a small office
with an older worker who was
having visual difficulties with her
work. An examination of the room
showed that most of the light to the
desk was coming from the offending

zone, or was blocked by the body Figure 21. Portable HID task-ambient
fixture.

shadow.

Fixtures in the offending zone were turned off, as was one fixture
in the body shadow. This left only one fixture on in the room, which
was over the occupant's head, but slightly to one side. The single
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fixture could not provide sufficient task or ambient lighting. One
solution was to provide supplemental indirect lighting from a portable
HID fixture located next to the desk. This increased both the task and
ambient illumination to the proper levels (Figure 23).

Rather than turning off the fixtures in the offending 2zone,
another possible solution is to relocate the work stations away from the
offending zone. This is shown in Figure 24.

In the office shown in Figures 22-24, the window wall had been
painted a aifferent cclor for aesthetics. Unfortunately, a darker,
rather than a lighter, color was chosen. A lighter color would have
reduced the sensation of glare from the window, allowing occupants to
open the wvenetian blinds more frequently and let in more daylight.

Reception Area

Figure 25 shows a well-designed reception area. In the back-
ground is soft indirect ambient lighting for individuals waiting in the
lobby. Task lighting for the reception desk is provided by a 4- by
4-toot parabolic louver fixture. The parabolic louver is used to shield

e .,‘

o -l -

Figure 25, Reception area task-ambient lighting,
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direct glare for people coming up to the reception desk; it is so effec-
tive, one can only tell that the fixture is turned on by the pattern of
light on the wall. Work areas surround the receptionist on three sides,
so the fixture was located over her head. This provides light over her
shoulders, well out of the offending zone, regardless of the work area.
Some light is blocked by the body shadow, but this is minimized by
using a large 4- by 4-foot fixture.

FINDINGS

The visual properties of office tasks have been examined. Light
at the mirror angle produces substantial veiling reflections because of
specularities in the task. Light sources in this offending zone can be
identified using the mirror method. The mirror method also identifies
light sources obstructed by the body shadow. Light sources in the
offending zone and behind the body shadow reduce visibility. Visibility
may be measured in terms of equivalent sphere illumination (ESI). A
correlation between ESI and the mirror method was described.

CONCLUSION

The quality of task office lighting is better quantified using equiv-
alent sphere illumination (ESI) than using illumination. Since most
activities do not have a readily available method of determining ESI
(computers or meters), the mirror method described in this report can
be used as a practical substitute. The only equipment required is an
illumination meter and a mirror approximately one foot square.

RECOMMENDATION

Uniform office lighting systems should be converted to task-
ambient lighting using the mirror method. Task-ambient lighting will
save electrical energy, and the mirror method will insure visually effec-
tive lighting.
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NAVREGMEDCEN Code 3041, Memphis, Millington TN; PWO Newport RI; SCE San Diego, CA; SCE, Camp
Pendleton CA; SCE, Guam; SCE, Oakiand CA

NAVSCOLCECOFF C35 Port Hueneme, CA; CO, Code C44A Port Hueneme, CA

NAVSEASYSCOM Code 0325, Program Mgr, Washington, DC; Code OOC (LT R. MacDougal), Washington
DC; Code SEA OOC Washington, DC

NAVSEC Code 6034 (Library), Washington DC

NAVSECGRUACT PWO, Adak AK; PWO, Edzell Scotland; PWO, Puerto Rico; PWO, Torri Sta, Okinawa

NAVSHIPREPFAC Library, Guam

NAVSHIPYD Code 202.4, Long Beach CA; Code 202.5 (Library) Puget Sound, Bremerton WA; Code 380,
(Woodroff) Norfolk, Portsmouth, VA; Code 400, Puget Sound; Code 400.03 Long Beach, CA; Cods 404
(LT J. Riccio), Norfolk, Portsmouth VA; Code 410, Mare Is., Vallejo CA; Code 440 Portsmouth NH; Code
440, Norfolk; Code 440, Puget Sound, Bremerton WA; Code 450, Charleston SC; Code 453 (Util. Supr),
Vallejo CA; L.D. Vivian; Library, Portsmouth NH; PWD (Code 400), Philadelphia PA; PWO, Mare Is.;
PWO, Puget Sound; SCE, Pearl Harbor HI; Tech Library, Vallejo, CA

NAVSTA CO Naval Station, Mayport FL; CO Roosevelt Roads P.R. Puerto Rico; Dir Mech Engr, Gtmo;
Engr. Dir., Rota Spain; Long Beach, CA; Maint. Cont. Div., Guantanamo Bay Cuba; Maint. Div. Dir/Code
531, Rodman Canal Zone; PWD (LTJG.P.M. Motolenich), Puerto Rico; PWO Midway Island; PWO,
Guantanamo Bay Cuba; PWO, Keflavik Iccland; PWO, Mayport FL; ROICC Rota Spain; ROICC, Rota
Spain; SCE, Guam; SCE, San Dicgo CA; SCE, Subic Bay, R.P.; Utilities Engr Off. (A.S. Ritchie), Rota
Spain

NAVSUBASE ENS S. Dove, Groton, CT; SCE, Pearl Harbor Hl

NAVSUPPACT CO, Seattle WA

NAVSTA Code 4, 12 Marine Corps Dist, Treasure Is., San Francisco CA

NAVSUPPACT Code 413, Seattle WA; LTIG McGarrah, SEC, Vallejo, CA; Pian/Engr Div., Naples ltaly

NAVSURFWPNCEN PWO, White Oak, Silver Spring, MD

NAVTECHTRACEN SCE, Pensacola FL

NAVUSEAWARENGSTA Keyport, WA

NAVWPNCEN Code 2636 (W. Bonner), China Lake CA; PWO (Code 26), China Lake CA; ROICC (Code
702), China Lake CA

NAVWPNFVALFAC Technical Library, Albuquerque NM

NAVWPNSTA (Clebak) Colts Neck, NJ; Code 092, Colts Neck NJ; Code 092A (C. Fredericks) Seal Beach CA;
Maint. Control Dir., Yorktown VA

NAVWPNSTA PW Office (Code 09C1) Yorktown, VA

NAVWPNSTA PWO, Scal Beach CA

NAVWPNSUPPCEN Code 09 Crane IN

NCBU 405 OIC, San Diego, CA

NCBC Code 10 Davisville, RI; Code 155, Port Hueneme CA; Code 156, Port Hueneme, CA; Code 25111 Port
Hueneme, CA; Code 400, Gulfport MS; NESO Code 251 P.R. Winter Port Hueneme, CA; PW Engrg,
Gulfport MS; PWO (Code 80) Port Hueneme, CA; PWO, Davisville RI

NCBU 411 OIC, Norfolk VA

NCR 20. Commander

NCSO BAHRAIN Security Offr, Bahrain

NMCB 5, Operations Dept.; Forty, CO; THREE, Operations Off.

NOAA Library Rockville, MD

NRL Code 8400 Washington, DC

NSC Code 54.1 (Wyane), Norfolk VA

NSD SCE, Subic Bay, R.P.

NTC Commander Orlando, FL; OICC, CBU-401, Great Lakes IL

NUSC Code 131 New London, CT; Code EA123 (R.S. Munn}, New London CT; Code $332, B-80 (J. Wilcox);
Code SB 331 (Brown), Newport RI

OCEANSYSLANT LT A.R. Giancola, Norfolk VA

OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Pentagon (T. Casberg), Washington, DC

ONR Code 221, Arlington VA; Code 700F Arlington VA; Dr. A. Laufer, Pasadena CA

PHIBCB 1 P&E, Coionado, CA

PMTC Code 3331 (S. Opatowsky) Point Mugu, CA; Pat Counsel, Point Mugu CA

PWC (Lt E.S. Agonoy) Pensacola, FL; ACE Office (LTJG St. Germain) Norfolk VA; CO Norfolk, VA; CO,
(Code 10), Oakland, CA; CO, Great Lakes IL; Code 10, Great Lakes. IL, Code 110, Oakland, CA; Code
120, Oakland CA; Code 120C. (Library) San Diego, CA; Code 128, Cuam; Code 154, Grea¢ Lakes, IL:
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Code 200, Great Lakes IL; Code 200, Guam; Code 239 Oakland, CA; Code 220.1, Norfolk VA; Code 30C,
San Diego, CA; Code 400, Great Lakes, IL; Code 400, Oakland, CA; Code 400, Pearl Harbor, HI; Code
400, San Diego, CA; Code 420, Great Lakes, IL; Code 420, Oakland, CA; Code 42B (R. Pascua), Pearl
Harbor HI; Code 505A (H. Wheeler); Code 600, Great Lakes, IL; Code 601, Oakland, CA; Code 610, San
Diego Ca; Code 700, Great Lakes, IL; LTJG J.L. McClaine, Yokosuka, Japan: Utilitics Officer, Guam; XO
(Code 20) Oakland, CA

SPCC PWO (Code 120) Mechanicsburg PA

TVA Smelser, Knoxville, Tenn.

NAF PWGQO (Code 30) El Centro, CA

U.S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprnint Custodian)

US DEPT OF COMMERCE NOAA, Pacific Marine Center, Scattle WA

US GEOLOGICAL SURVEY Off. Marnine Geology, Piteleki, Reston VA

USAF Jack S. Spencer. Washingtun, DC

USAF REGIONAL HOSPITAL Fairchild AFB, WA

USCG (G-ECV) Washington Dc; (Smith), Washington, DC

USCG R&D CENTER D. Motherway, Groton CT; Tech. Dir. Groton, CT

USDA Forest Products Lab, Madison WI; Forest Service, Bowers, Atlanta, GA; Fores' Service, San Dwmas, CA

USNA Ch. Mech. Engr. Dept Annapolis MD; Energy-Environ Study Grp, Annapolis, MD; Engr. Div (C. Wu)
Annaplolis MD; znviron. Prot. R&D Prog. (J. Williams), Annapolis MD; Occan Sys. Eng Dept (Dr.
Monncy) Annapolis, MD; PWD Engr. Div. (C. Bradford) Annapolis MD; PWO Annapolis MD

ARIZONA State Energy Programs Off., Phoenix AZ

AVALON MUNICIPAL HOSPITAL Avalon, CA

BONNEVILLE POWER ADMIN Portland OR (Energy Constv. Off., D. Davey)

BROOKHAVEN NATL LAB M. Steinberg, Upton N*

CALIFORNIA STATE UNIVERSITY LONG BEACH, CA (CHELAPATI)

COLUMBIA-PRESBYTERIAN MED. CENTER New York, NY

CORNELL UNIVERSITY lthaca NY (Serials Dept, Engr Lib )

DAMES & MOORE LIBRARY LOS ANGELES, CA

FLORIDA ATLANTIC UNIVERSITY Rota Raton, FL. (McAlhister)

FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL (HARTMAN)

FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library)

FUEL & ENERGY OFFICE CHARLESTON, WV

GEORGIA INSTITUTE OF TECHNOLOGY (LT R. Johnson) Atlanta, GA

HAWAII STATE DEPT OF PLAN & ECON DEV. Honolulu H1 (Tech Info Cir)

INDIANA ENERGY OFFICE Energy Group, Indianapohs, IN
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WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)
KEENE STATE COLLEGE Keene NH (Cunmngham)
LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB, RICHARDS), Bethichem
] PA (Linderman Lib. No.30, Flecksteiner)
a . LOUISIANA DIV NATURAL RESOURCES & ENERGY Dept of Conservauon, Baton Rouge LA
e MAINE OFFICE OF ENERGY RESOURCES Augusta, ME

MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, M1 (Haas)
MISSOURI ENERGY AGENCY Jeiferson City MO

MIT Cambndge MA (Rm 10-500, Tech. Reports, Engr Lib.); Cambridge, MA (Harleman)
MONTANA ENERGY OFFICE Anderson, Helena, MT

NATL. ACADEMY OF ENG ALEXANDRIA, VA (SEARLE, JR)

NEW HAMPSHIRE Concord, NH, (Governor’s Council On Energy)

NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM

NY CITY COMMUNITY COLLEGE BROCKLYN, NY (LIBRARY)

NYS ENERGY OFFICE Library, Albany NY

POLLUTION ABATEMENT ASSOC Graham

PURDUE UNIVERSITY Lafayette, IN (Altschaeffl); Lafayette, IN (CE Engr. Lib)
CONNECTICUT Hartford CT (Dept of Plan. & Eunergy Policy)

SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS)
SEATTLE U Prof Schwaegler Seatle WA

STANFORD UNIVERSITY Engr Lib, Stanford CA

STATE UNIV. OF NEW YORK Fort Schuyler, NY (Longobardy)
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TEXAS A&M UNIVERSITY W.B. Ledbetter College Station, TX

UNIVERSITY OF CALIFORNIA DAVIS, CA (CE DEPT, TAYLOR); Energy Engincer, Davis CA;
LIVERMORE, CA (LAWRENCE LIVERMORE LAB, TOKARZ); La Jolla CA (Acq. Dept, Lib. C-075A)

UNIVERSITY OF DELAWARE Newarl.,, DE (Dept of Civil Engineering, Chesson)

UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV.)

UNIVERSITY OF ILLINOIS URBANA, IL (LIBRARY); URBANA, IL (NEWMARK)

UNIVERSITY OF MASSACHUSETTS (Heronemus), Amherst MA CE Dept

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)

UNIVERSITY OF TEXAS Inst. Marine Sct (Library), Port Arkansas TX

UNIVERSITY OF TEXAS AT AUSTIN AUSTIN, TX (THOMPSON,

UNIVERSITY OF WASHINGTON (FH-10, D. Carlson) Seattle, WA; Dept of Civil Engr (Dr. Mattock),
Seattle WA; Seattle WA (E. Linger): Seattle, WA Transportation, Construction & Geom. Div

UNIVERSITY OF WISCONSIN Milwaukee WI (Cu of Great Lakes Studies)

VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)

ARVID GRANT OLYMPIA, WA

ATLANTIC RICHFIELD CO. DALLAS, TX (SMITH)

BAGGS ASSOC. Beaufort, SC

BECHTEL CORP. SAN FRANCISCO, CA (PHELPS)

BRITISH EMBASSY Sci. & Tech. Dept. (J. McAuley), Washington DC

BROWN & CALDWELL E M Saunders Walnut Creek, CA

BROWN & ROOT Houston TX (D. Ward)

CANADA Nova Scotia Rsch Found, Corp. Dartmouth, Nova Scotia; Surveyor, Nenninger & Chenevert Inc.,
Montreal; Trans-Mnt Oil Pipe Lone Corp. Vancouver, BC Canada

CHEMED CORP Lake Zurich IL (Dearborn Chem. Div.Lib.)

COLUMBIA GULF TRANSMISSION CO. HOUSTON, TX (ENG. LIB.)

DESIGN SERVICES Beck, Ventura, CA

DILLINGHAM PRECAST F. McHale, Honolulu HI

DIXIE DIVING CENTER Decatur, GA

DURLACH, O'NEAL, JENKINS & ASSOC. Columbia SC

FORD, BACON & DAVIS, INC. New York (Library)

GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr)

HONEYWELL, INC. Minneapolis MN (Residential Engr Lib.)

MATRECON Oakland, CA (Haxo)

MCDONYEL AIRCRAFT CO. Dept 501 (R.H. Fayman), St Louis MO

MEDEBRMOTT & CO. Diving Division, Harvey, LA

MICLAND-ROSS CORP. TOLEDO, OH (RINKER)

NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)

PACIFIC MARINE TECHNOLOGY Duvall, WA (Wagner)

PORTLAND CEMENT ASSOC. SKOKIE, IL (CORLEY; SKOKIE, I. (KLIEGER); Skokie L. (Rsch & Dev
Lab, Lib.)

RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept, Pennsauken, NI

SANDIA LABORATORIES Albuguerque, NM (Vortman); Library Div., Livermore CA

SCHUPACK ASSOC SO. NORWALK, CT (SCHUPACK)

SEAFOOD {.ABORATORY MOREHEAD CITY, NC (LIBRARY)

SEATECH CORP. MIAMI, FL (PERONI)

SHELL DEVELOPMENT CO. Houston TX (C. Sellars sr.)

SWEDEN Cement & Concrete Rescarch Inst , Stockholm, VBB (Library), Stockholm

TEXTRON INC BUFFALO, NY (RESEARCH CENTER LIB.)

TRW SYSTEMS REDUONDO BEACH, CA (DAD)

UNITED KINGDOM Cement & Concrete Assoc Wexham Springs, Slough Bucks; Library, Brnstol; R. Browne,
Southall, Middlesex; Taylor, Woodrow Constr (014P), Southall, Middlesex; Taylor, Woodrow Constr
(Smith), Southall, Middlesex; Univ of Bristol (R. Morgan), Bristol

UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div., Library)

WARD, WOLSTENHOLD ARCHITECTS Sacramento, CA

WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib, Bryan), Library, Puttsburgh PA

WM CLAPP LABS - BATTELLE DUXBURY, MA (LIBRARY)

BRAHTZ La Jolla, CA
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ERVIN, DOUG Belmont, CA
KETRON, BOB Ft Worth, TX
KRUZIC, T.P. Silver Spring, MD
CAPT MURPHY Sunnyvale, CA
T.W. MERMEL Washington DC
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